The aim of this study was to evaluate the association between the cardiac treatment strategy and cardiac event risk in type 2 diabetic patients with coronary artery disease (CAD) based on the history of myocardial infarction. Using Bypass Angioplasty Revascularization Investigation 2 Diabetes (BARI 2D) trial data, a Cox proportional hazard model was used for calculating hazard ratios (HRs) for major cardiac events in patients receiving early revascularization or intensive medical therapy. Patients without (n = 1,557) and with myocardial infarction (n = 736) were separately analyzed. In patients without myocardial infarction, risk of major cardiac events was similar for percutaneous coronary intervention and intensive medical therapy groups, whereas it was significantly lower in the coronary artery bypass grafting group than in the intensive medical therapy group (HR: 0.48, 95% confidence interval [95%CI]: 0.30-0.76, P = 0.002). Conversely, in patients with myocardial infarction, risk of major cardiac events was significantly higher in the early revascularization group than in the intensive medical therapy group (HR: 1.47, 95%CI: 1.03-2.11, P = 0.03). In type 2 diabetic patients with CAD, benefits of early revascularization were observed only in those without previous myocardial infarction. For patients with previous myocardial infarction, intensive medical therapy exerted superior benefits.
Outcome evaluation. The primary outcome was the occurrence of major cardiac events, which was a composite endpoint comprising nonfatal myocardial infarction and cardiac death. The secondary outcomes were the occurrence of fatal or nonfatal myocardial infarction-including spontaneous, silent, and procedure-related events 7, 12 -cardiac death, and all-cause death. Spontaneous myocardial infarction was diagnosed on the basis of the doubling of cardiac biomarkers such as creatine kinase MB or troponin and evidence of ischemia evaluated from symptoms, electrocardiography, or imaging 7, 12 . Silent myocardial infarction was diagnosed on the basis of a two-grade Q-wave change on routine electrocardiography, according to the Minnesota code 7, 12 . Cardiac death included death from myocardial infarction, congestive heart failure, cardiogenic shock, and sudden cardiac death occurring instantaneously or within 60 min after the onset of cardiac symptoms. It also included death within 30 days or within same hospitalization for a cardiac procedure such as PCI, CABG, and diagnostic angiogram. The evaluation of outcomes of the BARI 2D trial was previously reported in detail 7, 12 , and the adjudication and classification of the endpoint data were performed by an independent Mortality and Morbidity Classification Committee. Patients were evaluated monthly during the first 6 months and every 3 months thereafter, up to a maximum of 5 years. statistical analysis. Categorical and continuous variables were compared using the chi-squared test and the t-test, respectively. The continuous variables were tested using a histogram, which showed a normal distribution. The event rates of outcomes were calculated in patients with or without history of myocardial infarction, and Kaplan-Meier survival curves were generated [13] [14] [15] . Hazard ratios (HRs) and 95% confidence intervals (CIs) for outcomes were calculated by Cox proportional hazard models 13, 16 . The comparison between the early revascularization and medical therapy groups was performed separately in patients with and without history of myocardial infarction. Further analyses assessed the HRs for primary or secondary outcomes in the CABG and PCI groups and compared them with those in the intensive medical therapy group. We tested the proportional hazards assumption using graphical and scaled Schoenfeld residual methods 17 . The proportional hazards assumption was met for the analyses in patients with history of myocardial infarction. Considering the assumptions might be violated in part of the analyses in patients without history of myocardial infarction, we performed an additional analysis considering cardiac treatment strategy as a time-varying variable in an extended Cox model 18 . To assess the effect modification of previous myocardial infarction on the association between cardiac treatment strategy and major cardiac events, we tested for the interaction between history of myocardial infarction and cardiac treatment strategy. The analysis included cardiac treatment strategy, history of myocardial infarction, and their interaction term in the Cox proportional hazard model. Major cardiac event risk following cardiac procedures was assessed by comparing the incidence of those events within 1 year after the follow-up in the revascularization, PCI, or CABG groups with the intensive medical therapy group in each patient with and without history of myocardial infarction.
Furthermore, the primary outcome was compared between subgroups, such as age (<65 or ≥65 years), gender (male or female), race (non-white or white), obesity (non-obesity or obesity), duration of diabetes (<10 or ≥10 years), glycated hemoglobin (<7% or ≥7%), and glycemic treatment. The body mass index was calculated by dividing the body weight (kg) by the square of height (m 2 ). The definition of obesity was a body mass index ≥30 kg/m 2 . Interactions between the cardiac treatment strategy and these subgroups were investigated. A level of P < 0.05 was considered statistically significant. We used Stata software (version 14.1; Stata Corp., College Station, Texas, USA) to analyze data.
Results
Baseline characteristics. The baseline characteristics of patients without (n = 1,557) or with history of myocardial infarction (n = 736) are presented in Table 1 . In patients without and with history of myocardial infarction, the mean (±standard deviation) ages were 62.0 (±8.4) and 60.9 (±8.8) years, and the proportion of females were 31.5% and 25.5%, respectively. In patients without and with history of myocardial infarction, baseline characteristics were not significantly different between the early revascularization and intensive medical therapy groups.
Cardiac treatment strategy and risk of major cardiac events. The overall mean (±standard deviation) follow-up period was 3.8 (±1.5) years: 3.9 (±1.5) and 3.6 (±1.6) years for patients without and with previous myocardial infarction, respectively. The Kaplan-Meier survival curves for major cardiac events in patients without and with previous myocardial infarction are shown in Figs 1 and 2 , respectively. The event rates and HRs for major cardiac events, fatal or nonfatal myocardial infarction, cardiac death, and all-cause death in the early revascularization, PCI, CABG, and intensive medical therapy groups are shown in Table 2 .
www.nature.com/scientificreports www.nature.com/scientificreports/ In patients without previous myocardial infarction, the risk of major cardiac events did not significantly differ between the early revascularization and intensive medical therapy groups (HR compared between the early revascularization and intensive medical therapy [ref] groups: 0.77, 95% CI: 0.58-1.02, P = 0.06, Fig. 1A ). In addition, the risk of major cardiac events did not differ significantly between the PCI and intensive medical therapy groups (HR: 1.01, 95% CI: 0.71-1.45, P = 0.94, Fig. 1B ), whereas it was significantly lower in the CABG group than in the intensive medical therapy group (HR: 0.48, 95% CI: 0.30-0.76, P = 0.002, Fig. 1C ). The incidence of major cardiac events within 1 year of follow-up in patients without previous myocardial infarction was not significantly different between the early revascularization and intensive medical therapy groups (6.2% vs. 5.4%, respectively [P = 0.51]). The analysis using a time-varying model showed similar results.
Conversely, in patients with previous myocardial infarction, the risk of major cardiac events was significantly higher in the early revascularization group than in the intensive medical therapy group (HR: 1.47, 95% CI: 1.03-2.11, P = 0.03, Fig. 2A ), and it was nonsignificantly higher in both the PCI and CABG groups than in the inten- Table 1 . Baseline characteristics of patients with and without history of myocardial infarction*. *Data are presented as number of participants, percent, or mean (standard deviation). Categorical and continuous variables were compared using the chi-squared test and t-test, respectively. P values were calculated by comparing each variable at baseline between the medical therapy and revascularization groups. † Body mass index was calculated as weight in kilograms divided by the square of height in meters. MI, myocardial infarction; TIA, transient ischemic attack; ACE-I, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blockers; GFR, glomerular filtration rate.
www.nature.com/scientificreports www.nature.com/scientificreports/ assigned a priori to the CABG stratum undergoing CABG as revascularization therapy showed a significant interaction between the cardiac treatment strategy (CABG or intensive medical therapy) and the previous myocardial infarction (P for interaction = 0.006). Incidence of major cardiac events within 1 year of follow-up in patients with previous myocardial infarction was significantly higher in the revascularization group than in the intensive medical therapy group (10.4% vs. 5.9%, respectively [P = 0.02]). In addition, in patients with previous myocardial infarction, incidence of major cardiac events was nonsignificantly higher in the PCI group than in the intensive medical therapy group (9.6% vs. 6.6%, respectively [P = 0.22]) and significantly higher in the CABG group than in the intensive medical therapy group (12.0% vs. 4.9%, respectively [P = 0.03]). The risk of major cardiac events after 1 year of follow-up in patients with previous myocardial infarction was not significantly higher in the revascularization, PCI, or CABG groups than in the intensive medical therapy group (HR: 1.19, 95% CI: 0.72-1.96, P = 0.48; HR: 1.59, 95% CI: 0.84-2.99, P = 0.15; and HR: 0.71, 95% CI: 0.30-1.68, P = 0.43, respectively).
The risk of fatal or nonfatal myocardial infarction in patients without previous myocardial infarction was significantly lower in the early revascularization group than in the intensive medical therapy group (HR: 0.64, 95% CI: 0.46-0.88, P = 0.007, eFig. 1A), where it was not significantly different between the PCI and intensive medical therapy groups (HR: 0.89, 95% CI: 0.60-1.32, P = 0.55, eFig. 1B), but was significantly lower in the CABG group than in the medical therapy group (HR: 0.34, 95% CI: 0.19-0.61, P < 0.001, eFig. 1C). In contrast, in patients with previous myocardial infarction, the risk of fatal or nonfatal myocardial infarction was nonsignificantly higher in Figure 1 . Kaplan-Meier survival curves for cardiac events in patients without history of myocardial infarction. Rates of freedom from major cardiac events: early revascularization vs. medical therapy (A), PCI vs. medical therapy (B), and CABG vs. medical therapy (C). Major cardiac events include cardiac death and nonfatal myocardial infarction. Cox proportional hazard analyses were performed to calculate hazard ratios and P values for major cardiac events in the revascularization group were compared to the medical therapy group in patients without history of myocardial infarction. PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft surgery. The associations between the cardiac treatment strategy and major cardiac event risk in the subgroups are shown in Fig. 3 . In patients without previous myocardial infarction, no significant interactions were found. Similarly, in patients with previous myocardial infarction, no significant interactions were observed. Contrary to patients without previous myocardial infarction, among those with previous myocardial infarction, the risk of major cardiac events within these subgroups seemed to be higher in the early revascularization group.
Discussion
The present study demonstrated that patients without history of myocardial infarction had a lower risk of major cardiac events when they received revascularization, particularly CABG, than when they received only intensive medical therapy. In contrast, patients with history of myocardial infarction were at a higher risk of major cardiac events upon receiving revascularization than only intensive medical therapy. Significant interaction was found between the cardiac treatment strategy and the previous history of myocardial infarction, even in patients assigned to the CABG stratum, which were randomly assigned to the CABG or medical therapy groups. Similarly, although Table 2 . Cardiac events and mortality in patients with and without history of myocardial infarction*. *Data are presented as number or hazard ratio (95% CI). Cox proportional hazard analyses were performed to calculate hazard ratios (95% confidence intervals), and P values for outcomes in the revascularization group were compared to the medical therapy group, separately in patients without and with history of myocardial infarction. CI, confidence interval; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft surgery.
www.nature.com/scientificreports www.nature.com/scientificreports/ the risk of myocardial infarction in patients without previous myocardial infarction was lower in the CABG group than in the intensive medical therapy group, it was nonsignificantly higher in the revascularization group.
Several studies have previously compared revascularization strategies such as CABG and PCI to treat diabetic patients with CAD [19] [20] [21] [22] . The Bypass Angioplasty Revascularization Investigation trial, performed in the era of PCI therapy using old balloon angioplasty, found that the 5 year survival of diabetic patients with CAD was Figure 3 . Association between the cardiac treatment strategy and the risk of cardiac events in patient subgroups. Associations in patients without (A) and with history of myocardial infarction (B). MI, myocardial infarction. Cox proportional hazard analyses were performed to calculate hazard ratios and P values for major cardiac events in the revascularization group were compared to the medical therapy group in the various subgroups.
www.nature.com/scientificreports www.nature.com/scientificreports/ significantly higher following CABG than PCI 19 . The Arterial Revascularization Therapy Study I and II investigators demonstrated that at 5 year follow-up, CABG had a superior efficacy preventing cardiovascular events in diabetic patients with CAD than PCI using bare-metal or drug-eluting stent 20 . In the Future Revascularization Evaluation in Patients with Diabetes Mellitus: Optimal Management of Multivessel Disease (FREEDOM) trial, which was performed at 140 international centers and included 1,900 diabetic patients with CAD, demonstrated that patients who underwent CABG had significantly lower rates of the composite primary outcome of myocardial infarction, stroke, or all-cause death than did those undergoing PCI with a drug-eluting stent 22 . The results of the FREEDOM trial were similar at all levels of angiographic complexity according to the SYNTAX score, which suggested that CABG was better than PCI for diabetic patients with CAD, regardless of the coronary disease complexity. Taken together, these results indicate that CABG may be the preferred therapy for improved outcomes in diabetic patients with CAD, as compared with PCI even using drug-eluting stent [23] [24] [25] . Meanwhile, few studies have previously compared revascularization and intensive medical therapy in diabetic patients with CAD. In the BARI 2D trial, the risk of mortality and major cardiovascular events among type 2 diabetic patients with CAD was similar for those undergoing early revascularization and those undergoing intensive medical therapy alone 7 .
The trial also showed that the risk of death and a composite endpoint of death and major cardiovascular events was not significantly different between the PCI and intensive medical therapy, whereas the CABG was associated with a significant reduction of major cardiovascular events, as compared with intensive medical therapy. However, although a recent study reported that early revascularization in patients with a history of myocardial infarction or pathologic Q waves yielded no benefit 26 , the present study revealed that early revascularization may be even harmful for those with previous myocardial infarction, regardless of the cardiac procedures. The different results between the two studies may be attributed to the differences of the prespecified definitions of the myocardial infarction history and outcomes. In addition, the present study revealed that, even in the CABG stratum undergoing CABG as revascularization, significant interaction was found between the treatment strategy and the myocardial infarction history. Conversely, consistent with previous studies, CABG was a preferred therapy for diabetic patients with CAD and no history of myocardial infarction, compared with intensive medical therapy. The risk of revascularization in patients with history of myocardial infarction may match or surpass the benefits of reperfusion. The results of the present study indicate that the incidence of major cardiac events within 1 year of follow-up was particularly high in patients receiving early revascularization, including CABG, which suggests a risk of cardiac procedure-associated events. Diabetic patients often have multivessel coronary disease and coronary microvascular dysfunction 27 . Because diabetic patients with history of myocardial infarction already have suffered serious myocardial damage, the hemodynamic changes and coronary or myocardial damages associated with those occurring during revascularization may easily lead to subsequent adverse cardiac events. The exact reason remains unknown, and further investigations are warranted to confirm these findings.
This study has several limitations to report. First, the present study was a post-hoc and non-prespecified analysis of a randomized controlled trial. Therefore, these results are required to be confirmed by a future randomized controlled trial investigating major cardiac events as the primary outcome. Second, the BARI 2D trial included patients undergoing PCI with a bare-metal stent or no stent: 34.7% of the patients received a drug-eluting stent, and 56.0% received a bare-metal stent; the other 9.3% did not receive a stent 7 . The results may differ for patients who underwent PCI and those who underwent PCI with drug-eluting stent. Third, the reason for the observed association between cardiac treatment and myocardial infarction history remains to be explained by further clinical trials. Fourth, the number of patients undergoing each type of revascularization (PCI or CABG) was small and assigned at the physician's discretion, which limited the analysis performed. Fifth, the present study could not evaluate CAD-associated symptoms, and further studies are required to evaluate the benefits of each cardiac treatment strategy to improve those symptoms in diabetic patients with CAD.
The present study demonstrates that in type 2 diabetic patients with CAD, those without previous myocardial infarction were at a lower risk of major cardiac events when treated with early revascularization, particularly CABG, than those receiving intensive medical therapy alone. Conversely, type 2 diabetic patients with CAD and previous history of myocardial infarction were at a higher risk of major cardiac events following early revascularization.
